display very complicated structure due to multiplet splitting, while those with the 4f 0 or 4f 14 configuration exhibit only spin-orbit splitting. A 7 detailed analysis is given for the 4f metals europium and gadolinium.
The photoemission spectra cif core levels in materials possessing unpaired electrons often exhibit satellite structure. This phenomenon, which is usually attributed to multiplet splitting, was first observed in x-ray 1 2 photoemission spectra (XPS) of solids by Padley et al. ' It is interpreted as arising from the multiplicity of final states formed by the coupling of an open core shell with partially filled outer shells. Rare-earth metals and rare earth compounds, with their large number of unpaired 4f electrons, should present particularly interesting cases for study of multiplet structure.
Earlier XPS studies have in fact revealed multiplet structure in rare earths. 2 Early work on gaseous Eu showed an anomalous 4d photoelectron spectrum. Cohen, 3 . et al. observed and assigned multiplet structure in rare-earth trifluorides .. 4 Recently Signorelli and Hayes reported complex structure in the 4d spectra
of 'compo\lnds of La, Ce, Pr, Eu, and.Yb, which they attributed to "monopole excitation" (correlation peaks') and electrostatic coupling (multiplet structure) . To further elucidate the origins of hhe. rare-earth 4d photoemission spectra, we have studied the 4d regions in all the rare-earth metals, except
Pro. The metals have certain advantages over compounds; in particular, ligand field effects should be negligible. In this letter, we report the . 4d spectra of selected rare-earth metals near the middle and ends of the 4f series. These cases were chosen .on the basis of their relative ·simplicity.
The measurements were made in a Hewlett-Packard 5950A ESCA Spectro-
meter that had been mo 1 1ed or ultra 1g vacuum operat1on. The exciting radiation w~s the monochromatized AtKa line, and the total instrumental . 6 line width was 0.55 ev FWHM.
Rare-earth metal samples were prepared by ih situ evaporation from high-purity, well-outgassed charges spot-welded on tungsten filaments. During the evaporation the pressure was maintained at Figure 2 shows the XPS spectra in the 4d region of Ce, Sm, arid
Eu. These spectra are typical of the rest. of the rare-earth series in exhibiting complex structure due to the 4d 9 4fn interaction. We shall 9 7 discuss only the 4d 4f cases, Eu and Gd, as only these have as yet been analyzed in detail. The discussion below applies particularly to Eu. The
Gd spectrum has not been as well resolved as yet. . 5 ). The parameter n scales as energy for any particular value bf ~, which is itself an index of the degree of j~j coupling in the 4f shell: ~ = 0 for pure L-S and -1 for j-j coupling.
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The five-peak fine structure on our. 9 o peak in· the Eu spectr.um (Fig. 2) shows excellent agreement with this interpretation, while the 7 o fine structure is unresolved. Judd attributed a similar·effect in the Gdi 7 .
spectrum to a contraction of the o multiplet through interaction with an 7 7 6 excited term 0 of f d, derived from the level P of the core.
We can qualitatively explain the difference in appearance and structure of the 7 o ~nd 9 o terms but cannot account quantitatively for the contraction of the 7 o term on the basis of our simple mqdel. However we can set a lower limit on s of -0.47 (Fig. 3) . The.main uncertainty is-, in the value of G for which \ve can set a lower limit G ~ 4. Large background intensities in our spectra, arising from elastic scattering, preclude a really quantitative interpretation, but both of the above features appear to be present. Figure 4 shows a wider energy scan of the 4d region in Gd metal, showing peaks that can be tentatively assigned as correlation 7 satellites of the D multiplet.
It is ironic that the main. 9 n and 7 n multiplet peaks resemble a 4d 512 -4d 312 doublet so closely at lower resolution that they were so interpreted in two earlier studies, on atomic Eu 2 and on Eu0 4 . Mean energy only. . . ,.
~~~~ . . 
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